Lipid and protein structural characteristics of olive oil-in-water-emulsions formulated 23 with various stabilizer systems were investigated using Fourier transform infrared 24 spectroscopy (FT-IR). Proximate composition, water binding and textural properties 25 were also evaluated in these emulsions. Two different olive oil-in-water emulsions were 26 studied: E/SPI prepared with soy protein isolate as a stabilizing system, and E/ 27 SPI+SC+MTG prepared with a combination of soy protein isolate, sodium caseinate 28 and microbial transglutaminase as a stabilizing system. Results showed that textural 29 properties (P<0.05) were dependent on the stabilizing system. E/SPI+SC+MTG 30 emulsion presented greater (P<0.05) lipid chain disorder, more lipid-protein 31 interactions, and more (P<0.05) -helix and -sheet structures. A relationship between 32 textural and structural properties was also observed as a function of the stabilizing 33 system employed in the formulation of emulsions. A more thorough understanding of 34 this connection could help improve the development of food products with appropriate 35 physical properties. 36 37 Keywords: olive oil-in-water emulsion, infrared spectroscopy, lipid structure, protein 38 structure 39 40 3
Hameln, Germany) hot water (60-65 °C) with SPI for 2 min (Table 1) . When the 137 mixture was cold (5ºC) olive oil was gradually added with the homogenizer in 138 operation. Once all the oil was added, the mixture was stirred again for 3 min with a 139 control bath at 5 ºC (Table 1 ). The emulsion E/SPI+SC+MTG was prepared in the same 140
way as E/SPI. The only difference was that SPI+SC+MTG instead of only SPI were 141 used in the initial step (Table 1) . 142
Each type of sample was stuffed into metal moulds under pressure to compact 143 them and prevent air bubbles, and stored in a chilling room at 2 ºC for 24 h until 144 Samples were tested at room temperature (22 °C). The test was performed using 164 a 6 mm diameter cylindrical stainless steel plunger attached to a 5 kg load cell 165 connected to the crosshead of a TA.XTplus Texture Analyzer (Texture Technologies  166 Corp., Scarsdale, NY). Force-time curves were obtained at 0.8 mm/s crosshead speed and 167
analysed. The rheological parameters of each sample derived from these curves were: (a) 168 penetration force (PF, N), the force exerted at 10 mm in E/SPI because there was no 169 breaking point, and at the point of gel rupture in E/SPI+SC+MTG; (b) gel strength (GS, 170 J), which is defined as the area enclosed by the force-deformation curve at 10 mm in E/SPI 171 and at the point of gel rupture in E/SPI+SC+MTG. Six determinations were carried out 172 per sample. 173 174
Infrared spectroscopy (FT-IR) 175

Sample preparation 176
Protein structure information was acquired through the amide I band (1700-1600 177 cm -1 ). However, samples prepared with H 2 O exhibit strong absorption of water with a 178 maximum between 1650 and 1640 cm -1 (Surewicz & Mantsch, 1996) . Therefore, in 179 order to obviate this problem in the protein structure analysis, deuterated olive oil-in-180 water emulsion samples were prepared. Samples were deuterated according to Herrero 181 et al. (2011) . Samples of about 1 mg weight were placed in sealed glass containers 182 having a small glass tube with 1 ml D 2 O. In this way samples were exposed to excess 183 9 about 2ºC. Deuteration was monitored by means of the OH stretching band. The spectral contributions from residual water vapour were subtracted as 219 appropriate using a set of water vapour spectra recorded under the same conditions. The 220 resulting difference spectra were subsequently smoothed with a nine-point Savitsky-221
Golay function to reduce the noise. 222
In order to eliminate any spectral influence of water in the 3000-2800 cm 
Proximate analysis and water and fat binding properties. 257
In general there were few differences in the proximate analyses of the samples, 258 and these were consistent with product formulation. The moisture and ash percentages 259 were around 43 % and 0.3 % respectively in olive oil-in-water emulsions. The protein 260 contents of emulsions E/SPI and E/SPI+SC+MTG were 3.5 % and 4.6 % respectively. 261
Fat content of emulsions was around 53 %. These results are consistent with product 262 formulation (Table 1) 
Penetration test. 273
Textural behaviour of olive oil-in-water emulsions depends on the stabilizing 274 system used in their formulation (Fig. 1 ). E/SPI emulsion behaved like a viscous 275 material and lacked a gel structure given that there was no breaking point, and 276 penetration force (PF) and gel strength (GS) values were the lower (P<0.05). 277 E/SPI+SC+MTG emulsion presented different textural properties, in terms of PF and 278 GS (Fig. 1) , and a breaking point was observed, indicating a gel structure. and MTG) the most abundant of which was (Table 1) . This emulsifying systemproduced the highest values of PF and GS (Fig. 1) (Fig. 1) . 289 290
Infrared spectroscopic analysis 291
The structural properties of the olive oil-in-water emulsion studied in the present 292 work were determined using infrared spectroscopy to examine their principal 293 components: lipids and proteins. 294 are predominant in all spectra (Fig. 2) . These are 304 due respectively to the asymmetric and symmetric stretching vibrations of the acyl Protein secondary structure contents were significantly different depending on the 367 stabilizing system used in the preparation of each emulsion. In E/SPI emulsions, the 368 deconvoluted spectrum in the amide I region exhibits bands that are attributed to 19.0% 369 -helix, 31.6% β-sheet and 49.4 % unordered structure (Fig. 5) . This means an increase 370 of about 5% -helix and 11% unordered backbone and a decrease of about 17% of β- In E/SPI+SC+MTG emulsion the deconvoluted spectrum in the amide I region 397 revealed 24.0% of -helix, 39.4% of β-sheet and 36.6 % unordered structure (Fig. 5) . 398
When compared with SC+MTG+SPI in aqueous solution, mainly 7% -helix and 5% 399 unordered structure enrichments were detected. 400
In both the emulsions studied here, (E/SPI and E/SPI+SC+MTG) secondary 401 protein structural changes were observed after adsorption in oil/water interfaces in terms 402 of an increase of the -helix structure upon emulsion formation. This structural change 403 is analogous to that occurring in other emulsions prepared with whey protein as an 404 emulsifying system (Lee et al., 2007) . However, the -helix and β-sheet contents were 405
higher in E/SPI+SC+MTG than in E/SPI. The emulsifying system used in 406 E/SPI+SC+MTG contains a mixture of protein (SC and SPI) and MTG. In such a case, 407 there could be competition between emulsifiers to occupy the interface and interact in 408 the layer (Das & Kinsella, 1990) . Therefore the interface may be covered by more than connection, the structural results in this study showed that higher -helix and -sheet 426 contents in E/SPI+SC+MTG emulsions were accompanied by significantly greater lipid 427 chain disorder or lipid-protein interactions (Fig. 2 and Table 2 ). The use of a mixture of 428 SPI+SC+MTG as a stabilizing system in the preparation of olive oil-in-water emulsion 429 therefore seems to generate protein crosslinking including -sheet formation, which is 430 consistent with the interactions with the olive oil interface. 431
The textural properties of both of the olive oil-in-water emulsions studied here 432 could be related to structural changes observed in proteins and lipids and theirincreased PF and GS) while E/SPI did not (Fig. 1) 
Conclusions 444
In olive oil-in-water emulsions, infrared spectroscopy shows that protein and 445 lipid structural characteristics depend on the composition of the stabilizing system used. 446
These structural characteristics are accompanied by a specific textural behaviour 447 depending on the emulsifying system used in the preparation of the emulsions. 448
The formation of the emulsion produces an enriched -helix structure regardless 449 of the emulsifying system. In particular, the emulsion made with a combination of SPI, 450 SC and MTG exhibited the highest -helix and -sheet structure contents, which could 451 be attributed to the role of MTG in protein crosslinking (SPI and SC). In addition, this 452 type of olive oil-in-water emulsion prepared with a combination of SPI, SC and MTG 453 presented the greatest lipid chain disorder and the most lipid-protein interactions. These 454 structural characteristics could be related to their stronger textural properties. 
